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TELEMETRY CASE REPORT
Autumn migration and wintering site 
of a wood warbler Phylloscopus sibilatrix 
breeding in Denmark identified using 
geolocation
Anders P. Tøttrup* , Lykke Pedersen and Kasper Thorup
Abstract 
Background: Basic knowledge of detailed spatiotemporal migration patterns is lacking for most migratory bird spe-
cies. Using the smallest available geolocator, we aim to map autumn migration and wintering areas of north European 
wood warblers Phylloscopus sibilatrix and compare the spatiotemporal pattern with recoveries of individuals ringed 
across Europe.
Results: A tracked wood warbler migrated south-south-east to sub-Saharan Africa in Sudan and then west-south-
west to winter in Côte d’Ivoire. The timing and route fits well within the distribution of ring recoveries although the 
westward movement after the Sahara crossing is not revealed by the ring recoveries, but only few recoveries south of 
Sahara exist.
Conclusions: The surprising westward movement south of the Sahara supplements the overall pattern revealed 
by ring recoveries and aids our understanding of the connectivity and site dependence in this generally declining 
species.
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Background
Our current understanding of the spatiotemporal migra-
tion systems in birds remains poor, especially for pas-
serine species wintering in the tropics. This group is 
declining worldwide [1–5], and there is considerable 
interest in understanding the underlying causes, poten-
tially to enhance conservation initiatives [6, 7].
Understanding causes of population declines are chal-
lenged by the lack of knowledge of migratory connec-
tivity and spatiotemporal distribution across the annual 
cycle, including dependency on selected areas along the 
migration route. Despite increasing investment in track-
ing studies to reveal these patterns, individual migration 
routes remain elusive particularly for the smallest long-
distance migratory birds.
The wood warbler Phylloscopus sibilatrix is one of the 
species where ring recoveries and observations so far 
provide only very limited information [8]. Ring recover-
ies indicate an initial southward migration direction with 
wintering areas found in the western and northern tropi-
cal forest belt of sub-Saharan Africa from Sierra Leone to 
western Kenya [9–11].
The wood warbler is strictly insectivorous and among 
the smallest Afro-Palearctic migrant species. It has 
a broad breeding range from across Europe and into 
Siberia [12]. Continent-wide declines by 35% have been 
reported [13]. In Denmark, wood warblers have declined 
by 2.5% per year from 1974 to 2016 [14].
The aim of this study is to map autumn migration and 
wintering areas of north European wood warblers Phyl-
loscopus sibilatrix and compare the spatiotemporal 
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pattern with recoveries of individuals ringed across 
Europe. We present a track retrieved from a geolocator 
recovered from a wood warbler, caught during the breed-
ing season in Denmark, to identify its migration route, 
stopovers and wintering site.
Results
The tracked wood warbler departed from the Danish 
breeding site on 24 July 2014. From here, it migrated 
south (11 days) via a stopover in Italy (14 days) across the 
Sahara Desert (26 days) to a longer stopover (65 days) in 
Sudan. From here, it changed its migration direction to 
west-south-west with three shorter migration legs (each 
lasting 3–6  days) to stopovers in Chad (8  days), north-
ern Nigeria (5  days) and Ghana (5  days) before arriv-
ing at its presumable main non-breeding area in Côte 
d’Ivoire (24 days before the battery power ended) (Fig. 1, 
Table 1). Arrival dates were 13 September in Sudan and 
20 December in Côte d’Ivoire. Migration speed between 
stopovers varied considerably along the journey with the 
highest speed found on the migration stages westwards 
across tropical Africa (193-479 km/day) except the final 
stage before the main non-breeding arrival (67 km/day), 
while the Sahara crossing was relatively slow (120  km/
day). The total distance covered was 8477  km in 52 
migration days (mean = 163  km/day) and a total migra-
tion duration of 173 days (49 km/day including stopover 
days) (Fig. 1, Table 1). 
Ring recoveries generally indicate a south to south-
west migration (Fig. 2). Migration through Europe occurs 
in the months of August and September generally later 
compared to the timing of the tracked individual (Fig. 3). 
Birds within ± 1° of the tracked individual’s breeding 
location and southern European stopover were observed 
in August (median: 10 August, IQR: 23 July–16 August, 
n = 35) and September (median: 14 September, IQR: 
2 September–19 September, n = 21), respectively. The 
westernmost ring recoveries on the Iberian Peninsula and 
the widely spread sub-Saharan recoveries suggest that the 
Sahara crossing occurs on broad front at the species level. 
The westward movement after the Sahara crossing in the 
tracked individual is not evident in the ring recoveries 
where the westernmost sub-Saharan locations are also 
the earliest. 
Discussion
The single tracked wood warbler migrated south-south-
east to Sudan through Italy crossing the eastern part of 
the Sahara Desert. From Sudan, the bird moved slowly 
west to winter in Côte d’Ivoire. Through Europe, the spa-
tiotemporal pattern was early, compared to that revealed 
by ring recoveries and the track revealed a surprising 
westward movement in sub-Saharan Africa during the 
season when only few recoveries exist. The main winter-
ing site estimated in this study is within the overall non-
breeding range of the species [9] and within the isoscape, 
but outside the predicted wintering distribution pre-
sented by Hobson et al. [10]. Migration speed was simi-
lar to some reports using ring recovery data comparing 
overall migration duration (e.g. 65 km/day in [15]).
The early migration through Europe compared to ring-
ing data can perhaps be explained by a potentially more 
gradual migration pattern of wood warblers during 
autumn. There were some indications of shorter stopo-
vers (< 5 days) within Europe in the longitudinal estimates 
of the tracked individual which could not be confirmed in 
latitudinal estimates due to the high variability caused by 
migration, equinox or shading in this part of the journey. 
Fig. 1 Migration of the tracked wood warbler from Denmark to 
Côte d’Ivoire [circles indicate stopover sites, error bars are standard 
deviations (SD)] compared to ringing and recovery sites (connected 
with grey lines) of birds ringed during breeding and autumn 
migration (n = 28). All recoveries south of Sahara of birds ringed in 
Europe are indicated as dark grey triangles (n = 5). Inset indicates 
timing and number of days used on migration (grey) and stopover 
days for each migration stage (colours in the stacked bar diagram 
match the colour of the circle for geographical reference). Shaded 
area in Africa indicates the main known wintering area of wood 
warbler [9]. Black dashed lines (latitudinal movement including 
equinox) and solid lines (longitudinal movement) connecting circles 
give a visual representation of the route of the tracked wood warbler 
(for actual raw position data over time, see Additional file 1: Figure 
S1). The geolocator battery died 13 January 2015
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Likewise, the main stopover in Europe may in fact have 
been two separate sites based solely on latitudinal esti-
mates (Additional file 1: Figure S1).
The migration pattern had similarities to willow 
warbler [16]: the wood warbler stayed for 2  months 
immediately after crossing the Sahara Desert and before 
migration direction was changed towards west and 
migration restarted continuing for additionally 3373 km 
along areas with potentially suitable habitat [10]. The 
longer staging period after the Sahara crossing before 
reaching the final wintering site has also been found in 
other species, e.g. red-backed shrikes, great reed warblers 
and thrush nightingales [17–19], but not in redstarts 
[20] and some common nightingales stayed at the first 
site reached [21]. Even though the wood warbler is con-
sidered a habitat specialist, this study indicates that this 
individual may take advantage of the Sahel green-up dur-
ing September–November [18] before continuing to the 
species-specific wintering areas in the continuous forest 
belt towards the south. The ring recoveries in sub-Saha-
ran Africa did not support the westward movements. 
However, as there are only few sub-Saharan recoveries, 
the ring recoveries do not rule out that a significant pro-
portion of birds could well be using the central route over 
Italy and dispersing westwards after the Sahara crossing.
Knowledge of links between breeding and non-
breeding areas will help in the conservation of migra-
tory songbirds. However, we also need to understand 
habitat requirements [22–24]. A number of recent 
studies have improved our knowledge of Phylloscopus 
warblers during breeding and non-breeding periods. 
Their preferred habitats in both seasons are broad-
leaved forests with a relatively open forest structure 
[16, 25–27]. A recent study showed no change in wood 
warbler abundance despite habitat conversion, indicat-
ing resilience of this species to loss of primary forest 
Table 1 Entire autumn migration period of  the  tracked wood warbler breeding in  northern Denmark divided 
into stopover and migration stages
For each stage from the breeding area to the presumed wintering area in Côte d’Ivoire, we show longitude and latitude, departure and arrival date, duration of either 
migration of stopover period in number of days, the distance in km and speed given as km per day
a Battery dead 13 January 2015
Stopover/migration Longitude (SD) Latitude (SD) Departure Arrival Duration 
(#days)
Distance (km) Speed 
(km/
day)
Breeding area–southern Europe 24/07/2014 04/08/2014 11 1974 179
Southern Europe 13.64 (1.76) 39.22 (3.93) 14
Southern Europe–Sudan 18/08/2014 13/09/2014 26 3130 120
Sudan 25.32 (0.85) 12.96 (3.09) 65
Sudan–Chad 17/11/2014 20/11/2014 3 579 193
Chad 20.28 (0.95) 11.27 (2.08) 8
Chad–Nigeria 28/11/2014 04/12/2014 6 1566 261
Nigeria 6.14 (1.07) 9.17 (2.27) 5
Nigeria–Ghana 09/12/2014 11/12/2014 2 959 479
Ghana − 2.46 (0.77) 7.81 (1.27) 5
Ghana–Côte d’Ivoire 16/12/2014 20/12/2014 4 269 67
Côte d’Ivoirea − 4.53 (0.59) 6.53 (1.62) 13/01/2015 24
Fig. 2 Polar plot showing migration direction of ring recoveries 
of birds ringed and recovered on autumn migration in the same 
year within Europe (n = 13, grey) and the tracked wood warbler 
(black) from the breeding area to the southern European stopover 
site. Birds recovered dead were excluded based on EURING codes: 
“circumstance and condition”
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at the wintering grounds at least on the short term 
[28]. The combined knowledge of migration patterns 
(this study), breeding [26, 29] and non-breeding habi-
tat requirements [28, 30] as well as other potential 
impacts at breeding sites [31] will form the basis for 
effective conservation strategies for declining migra-
tory songbird species such as the wood warbler.
Because we could not track spring migration, it 
remains unknown whether the autumn route is traced 
back or a more direct route is chosen as indicated by 
more westerly recoveries in the Mediterranean in 
spring than autumn [32]. In addition, investigating the 
potential effect of improved vegetation conditions on 
timing of winter departure would be interesting as a 
general phenomenon.
While the tracked individual was an adult male, the 
ringing data included birds of both sexes and different 
age classes. Age and sex may influence the spatiotem-
poral migration patterns [33, 34]. Unfortunately, we 
were not able to account for age and sex in this study 
as most records are unknown.
The present study adds to our increasing under-
standing of the spatiotemporal distribution of more 
and more species of long-distance migratory songbirds 
across their annual cycle [35]. The next step will be to 
expand studies to determine the ecological require-
ments of migratory species throughout their annual 
cycle, e.g. during non-breeding and stopover for guid-
ing future conservation initiatives. We can also study 
the link between breeding and non-breeding sites 
across different populations in space [36] and time [37] 
and build upon these new insights to start studying 
drivers of species-specific migration routes and sched-
ules [18].
Conclusions
We present the spatiotemporal autumn migration of 
a wood warbler from breeding area to the main non-
breeding area in sub-Saharan Africa. The migration of 
our tracked wood warbler fits well with the spatiotem-
poral distribution of ring recoveries, and we conclude 
that it is likely representative for wood warblers migrat-
ing from Denmark to sub-Saharan West Africa. The 
track also revealed a surprising westward movement in 
sub-Saharan Africa across a large part of the known non-
breeding area, suggesting that the entire distribution of 
known ring recoveries can be covered by an individual 
during autumn migration. These findings provide the 
first insight into the migration strategy of this species and 
stopover locations with the potential for guiding future 
work connecting the entire annual circle for this declin-
ing songbird.
Methods
Using playback and mist nets, we trapped 17 male wood 
warblers in two different forests in Denmark; Tofte Skov 
(56°50′24″N, 10°14′24″E) and Gribskov (55°59′13″N, 
12°18′30″E) during June 2014. Birds were ringed with a 
metal ring and fitted with archival light-level record-
ers (Intigeo–W30  from Migrate Technology Ltd, weight 
0.3  g not including harness, expected recording time 
7  months) using a leg-loop harness [38] made of 1-mm 
Fig. 3 Latitude (left) and longitude (right) of stopover sites against time given with arrival and departure date for the wood warbler. Colours of 
stopovers correspond to colours in Fig. 1, while black lines indicate migration between sites. For comparison, we included latitude and longitude 
of all ringing data positions with ringing (n = 493, grey circles) and recovery date (n = 71, grey triangles) during breeding and autumn migration 
obtained from EURING (http://www.eurin g.org/edb). Dark grey triangles are sub-Saharan recoveries (n = 5). Grey lines are drawn between 
individuals ringed and recovered in the same year (n = 15). Birds recovered dead were excluded based on EURING codes: “circumstance and 
condition”
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braided nylon string. Birds weighed 9.5–10.0 g, and thus, 
the logger with harness represented less than 3.3% of the 
body weight. On 12 June 2015, one individual was re-
trapped in Tofte Skov. We did not recapture more tagged 
individuals although we performed forest surveys over 
a total of three weeks inspecting more than 200 singing 
males. The battery of the retrieved geolocator lasted until 
13 January 2015 delivering data from the entire autumn 
migration and a large part of the wintering period.
We used the R package BAStag (version 0.1-3) to 
remove obvious false twilights (ten twilights removed, six 
sunsets and four sunrises over the months June–Octo-
ber) [39]. Data were log-transformed, and we used a 
threshold of 0.3  lux to identify twilight events. We used 
the R package GeoLight (version 2.0.0) to estimate coor-
dinates from the light data [40]. Breeding area calibration 
resulted in a sun elevation angle of − 2.68. We removed 
data for 20 days on each side of autumn equinox (toler-
ance = 0.15) [41]. To estimate timing of stationary and 
movement periods, we visually inspected plots of lon-
gitude and latitude over time defining stopovers to be 
minimum 5  days (Additional file  1: Figure S1). During 
equinox, timing was estimated from longitudinal plots 
only. We used the R package geosphere version 1.5-7 [42] 
to estimate great circle distances between stopover sites. 
All analyses were done in R 3.5.1 [43].
With the aim of comparing our single autumn migra-
tion track with the current knowledge, we have com-
piled all European ring recoveries of wood warblers in 
the EURING database (www.eurin g.org/edb). We focus 
on autumn migration of birds ringed or recaptured dur-
ing breeding and autumn migration for comparison with 
the geolocator bird. In addition, we added the few other 
sub-Saharan recoveries as they may indicate approximate 
wintering areas.
The ringing data obtained from EURING consisted 
of 11,492 ringing and re-encounter events. One event 
lacked spatial information and was removed. For graphi-
cal representation, we included only re-encounter events 
further than 200 km from the ringing site. Furthermore, 
for comparability with the individual geolocator track, we 
included only data where the bird had been ringed and 
subsequently re-encountered during breeding (June) or 
autumn migration (01 July–31 December) and individu-
als with breeding status. In addition, we included five 
records of birds re-encountered in sub-Saharan Africa 
during autumn migration (latitude < 20°N). Included 
records consisted of birds of both sexes and first year as 
well as full-grown birds, although in most cases the sex 
was unknown.
To compare the timing of autumn migration between 
the ringing data and the tracked individual, we estimated 
the median date and interquartile range (IQR) of birds 
ringed or recovered within ± 1° north and south of the 
tracked individual’s breeding area and southern Euro-
pean stopover site.
Additional file
Additional file 1: Figure S1. Observed changes in estimated longitude 
(left) and latitude (right) over time from deployment of the geolocator on 
a wood warbler in June 2014 until the battery died 13 January 2015. Col-
ours denote stopover sites and migratory segments following Fig. 1 in the 
main paper (black: active migration, pink: breeding site, orange: southern 
Europe stopover, light blue: Sudan stopover, green: Chad stopover, yellow: 
Nigeria stopover, dark blue: Ghana stopover, red: Côte d’Ivoire presumed 
wintering area). Dashed vertical line indicate equinox.
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